— = = = = e ma feem cdi 05— 0t g aNwal AR
o Bema e Y i T e ha T e e SUAAR— s e e can s of ke STITT M ma s e SIS A Pl -
=T Tl o = & 5 5 N

= e et - e,

."J;—?‘

- i B

o W I - ALV whwmm Mag‘ S - ”"‘49)‘4%&0"),‘ i o St

Reprcduced by
CENTRAL AIR DOCUMENTS OFFICE

WRIGHT-PATTERSON AIR FORCE BASE-DAYTON OHIO

L P T — = ; el
e Rt Y| L 7 IR R A R U e
= AT T Sl fik,ulhl‘:}u'] 5 N

G

"NOTICE: When Government or other drawings, specifications or
other data are used for any purpose other than in connection with
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligation
whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications
or other data is not to be regarded by implication or otherwise as
in any manner licensing the helder or any other nerson or corpora-
tmn Oor conveying any rights or permission to manufacture, use or
1 any patented invention that may in any way be related thereto "

AT v veh,

PR Sk S

R X 2 ROE MR TR
" ‘t ».%?’(t\ 4,;};




— P -
Q=P =

gaed

iy N B
IR A YA B s

t——— WY
e g AV S TR

wares iR S TSN e .

b

st MR N A,

i ‘ UNCLASSIFIED
P 1
< ATY 111 230 {COP1ES OBTAINABLE FROM CADO)
L . PRINCETON UNIVERSITY. AERONAUTICAL ENGINEER?ING LAB., N.dJ.
(REFORT NoO. 182)
A PRELIMINARY STUDY OF REYNOLDS NUMBER EFFECTS ON BASE
PRESSURE AT Ms 2.95
. BOGOONOFF, SEYMOUR M. 12 JUNE'YS1 27pp PHOTOS, DIAGR, .
[ GRAPHS, DRWG
"3 g USN CONTR. NO. N6=ORj=270
q = BODJES OF REVOLUTION = PRESSURE AERODYNAMiICS (2)
o DISTRIBUTION AERODYNAMIC LOADS (8) '
IT‘ UNGLASSIFIED i
| k ' -
) :;’. - Eﬁ'
|
: [
‘:L-—c—;.-?
. 1
. : . IUSESY TN Ul £
: ' H
4 :
v R ——T
¥

é



T

oy e = T T S e b - —— -
= - T 2= , I
5 & e A P " Lo MY SinTr N
I ‘ - e —
[ ,——‘&.‘5:- s A
= >

UKITED STATES HAVY

1]

g Office of Havel Research
Machanica Branch, Mathematical Sciencss Division

1 E and
1
T TWITED STATES ATR FORCE

R OZLice of Air Fesearch
{Contract W6-cri-270, Task Order #6,

‘ Project Fumber ER 061-049)

& PRELIMIHARY STUDY OF REYROLDS WOMBER EFTECTS OH PASE FEESSURE

AT M = 2.85

R RN

By

Seyamour M. Bogdonoii

PRINCETON URIVERSITY
AEROFAUTICAYL. ENGINEERING LABORATORY
Report No. 182

June 12, 1951

-
A —
N » K
T K2 B T T T T T T T T T TV R T R A B T e AT IR p T .'M’J—{‘ U T TR L DT, e S e pemeel




e e S e R e = S s
' - ”‘-"‘-'-—-»—-——d‘,’

| ,_,.%E% ‘t/"’a: G‘df—a= ; L“;

32 ]

- s e T sy
v
m\}

R TR

ACKMOVLEDGEMENT

' Thz pregent study is part of a program of theorstical and
experisenial ressarch on vigcous effects in supergonic flow belng con- @
ducted by the Department of Aeronzutical Engineering, Princeton Univer-

8ity. This resesrch is psponsored jointly by the (Office of Navel Research

Vip BRI Y,
-

{(J.5.N.), Mechenics Branch, Methematicel Sciences Division, and by the

‘ Office of Air Research (U.S.A.F.).

+ 2 i s

-,

23k
-

.
FTTOOYSUIE - T T O e e e S




TAZLE OF COEISETS

o R B AR

-

Summaxy

|
Jidnand b
=

Introduction
: Experimentel Apraratus
a) Sugersonlc Tunnel

b) Models

. ‘ Experimenial Results and Discussion
- 3 a) Swooth Model Tests

| ' ) Tests of Model with Roaghness

P

1

B ' ¢) Effect of Sting Diemeter and Length

N - - Conclusions
= References
s ek

L

Yomar,

- -

T T TTT SWRTR AT - B e T pr——— gy AT g T
A I AN IS AN TS S I MR S AN S JOE N VTR A A DI E A M

Page

-

o

(%3]

U

W oo

F o




F;.Ez:-_'%:g:_ = G RS —_ 2 . - - 1 e
— o = 2
| T
1 b l
} L
: i " ) A prelininary study was carried out to determine the effect of
%’ : Reynolds number on the bage pi"essm'e of a simple coune-cylinder body of rev~
%, olution. Tests were made at ¥ = 2.95 over a range of Reynolds numbers from
:“ . 0.6 x 3.06 to 18 x 106, The body was tested in the smooth condition and with
q ﬁ trangition fized by several different roughness bands. On the basls of these
’ tests, the following conclusions werse reachsd:
‘r 1) The variation of base pressure with Reynolds number is
ﬁ . characterized by three distinct regicns:
L | &) A "laminar" reglon where the fros wake appears to be
} lamiper and vhere increases in Reymolds number give
i- very large decreases in base pressure,
% ' t) A "transitionsl" region where transition from laminsr to
3 turbulent flow seams to be occurring in the free waks and
: where increesing Reynolds number causes & leveling off
from the laminsr region and then a sharp iucrease iu bass
L piressure;,
l ¢) A "turbulent” region where the houndsry layer on the rear
} of the body is turbulent and where lncreasing Reynolds
’T ‘ numbezr results In & slow but steady decrease in base
presswe. )
;% 2) Extrapoletion of date in regioms &) or b) of 1) will not give
valild results at higher Reyvolds numbers. For the body tested,
. date evove & x 100 is needed to predict base pressures accur-
i- ately a2t high Roynolds numbers.
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& PRELIMIBARY STUDY OF REYFOLDS NUMBER IFFECTS O DASE PREISURE

g AT H = 2.5

9\ Introduction:

The problem of predicting the proessure on the blunt base of a

3.3,

body of revolubtion traveling et supersonic speeds hes not beoon suscepitible
to theoreticel Srsatment. Several iunvestigators have nede experimental

;.l studies of the problem in superasonlc wind tunnels and, more recently,; by
A ' froe-£light testa of missiles. The results cohimined have, howevsr, severe
J.imiﬁeftiqns vhich grestly restrict the applicatlon %o mors gensral prob-

s lems or other cernfigurations. The wind tunnel tests are limited in msny @
g cases to Reynolds mumbers below about U x .‘!.06° Sore higher Reynolds num=
: ber teats {over 10 x 106) have been carried cub at ths lower supersonic
ppesds, M = 1.5 and 2.0. Few of the supersonic tunuels have suy appreo-
ciable Reynolds number rangs. In some cases, an attempt to obtain the
eifect of variable Reynoclds anumnber has been made by verying the length of

the test body. This increase in body length intToduces two variables which

. are not directly part of the Reyuoclds number effects ILirel, the pressure
digtribution over the body changes; end second, the houndary leyer thick~

nesgs increases as the effective Reynolds number increases. For a given

———

body, increasing ths Reynolds number by incresesing the density or the model

gilze decreases the thickmess. Both of these effscts may have a conslder-

5 e

able influance on the base pressure. Actval missilss or alrplanes operate
; over & wide range of Reynolds numbers, 1 - 80 x 106, end Mach numbers {rom

1 to perhaps 6 or 7. It is perhaps posasible to cover thie range by free-

v,

flight tesis, bul ths results are confined almost entirely to bodies which
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are fir-»tavilized. The fing and ths deiails of the fin-body function and
pogition may heve a considerable effect on the bage pressure.

tunncls presently avellebls which can cover
tha entire flighi Reyaolls rumber ranse at any given Mach aumber. The
standard techoique 1s to roughen ke modoel 4o geot high effsctive Reynolds
wmzthar for lov test Reynolés nuvmber. The question thus arises a5 to what
1s the vz=lue of tho effsctive Reynolds nuber s 1.e., what 1s the free-
Tlight Reynolds number which correspoends to the roughened model teagt?
Thera zre soveral genernl methods of spplying the ro negs or transition
atrip bvat no way of predicting the corresponding flight Reynolds mumber.
If the chevocterictic vwhich is being studied reaches & constant value at
high Reynolds auiserd, then the problem ls simplifisd provided the method
of producinz the tronaition or roughness hand hes go effect on the fipal
valus cobaervesd,

The only results vhich are availabls over & wide Reynolds number
range are those shown by D. Chopmen of the NACA in Reference L. Using two
wind tunnels, Chepmon was gbls to geh tests from a Reynolds number of about
0.4 x 105 to 10 x 106 at a Hach number of 2.0. The results show a very
sharp deccease In base pressures as the Reyunolds number is incressed from
the lowest valves, & leveling off, and them & sudden increses in base
preesure abt about Re =5 x 106 » with approximetely uniform pressures
up to W x 3.06. The schlieren photograrhs verify that the flow over the
reay of the body is laninar for the lnltisl) phsse and turbulent for the £inal
phe.ée. Tao base pressure incresses slightly with increasing Reynolds num-
ber once the turbuleut region is established. The bturbulent resulis at
M = 1.5 show a gregter increasge than those shown 2t M = 2,0.

In an attempt to establish the transition region and to study
more comwrletely the rasulis at high Reynolds numbers, a series of tests

have beea carried out in the Princeton 4" x §" Variable Density Rlow-Down
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= Svpzracpic Tuvnal . & simple coxe-cylindsr body was studied at a Mach
it Ao of cast.rimetets 3 over 8 Reynolds pumber renge f£rom sbout £00,000 -
N to 18,000,000, hased on body sength. The effsch of several transition E! -

baris wes &lgo studied in an aitterpt to sveluate the sffective Reynolds 71

mumber of a body wilth fizxed trangitlon,

Lr s (e [

ROTATION

=

D body dlameter, inches

L body length, inches

2 | Re Reynolds number haged on bady isngth 3
}?b bage pressure, pef
o P, gtatic pressure in ths free flow shead of the model, psf

| ' M ¥Mach nwibsr (free stream)

=

Experimental Apparatbus:

&) Supersonic Tumnel:

y
i
R PSR

A complete description of the design end operatiom of the 4" x &'

tunnel used in these oxperinents will be avallsble in & report to be issued
in the near future. For completeness, however, & brief description follows:
the tunnsl iz of the blow~down type using a tank system of 1000 cubic fest
at 250 atmespheres as the driving povwer. A regulator system between the
r tunnel. and the tank: ellows the stegnation pressure in the tumnel 4o be
varied at will between approximetely 50 psie {minimus operating pressure for
"‘, the ¥ = 3 nozzle used) and 500 psia. The settling chamber is provided with

three hkO-mesh screems and there is a centractlon ratio of approzimately 80

-2 Dpwear

to the nozzle throat. Stagneation temperature and nresgure are recorded

at the sams time as data on the modsl is taken. The test section is & inches
wide by 8 inches high and is provided with 9 inch diamster windows which are

a +hinls Ao mnTrasne
=z MR A N AN O - s,
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wminpomanaad Mharders JDetesg ek o 19,000 volis ves uged to take the

o~

e

Behlicren phictogrepas vithin e few sa~ondr of 8- . vher dote reocording

The tests conasisied of runs of seversld minutas during which

~EE
I

time tha stegnstion pressurs wos 2et, two sehg of gata recorded. This

DrCetnye ¥as revoated wmoil e stegmetion prassure vould no longer be g

&

I:a

eld consisnt dus %o low pressure ln the storage tarks. The check of
the twoe coxsecuiive asis ~f data at the sanme stognotion pressuwre showed
if bhe tamnel oxd instrucosiotlion had rexched eguilibrium condltions.
.If the teots did not check, re-yuns wore mads. Tha tuwmsl i not pro-
rided with & heater so that thers is no control of ths stegnation bLenper-
gbure. During = typlcal rm the stegnstion tewpersture warisd gpproxi-
mately 10 - 15°F per ninube.

Callbration of the tunnel showed a variation of about 1%pin
Mach number aslong ths tuanel center line over the length of approximately @
8 inchss in which the model was tsated. Coumplete surveys will be glven
in the wind tunnsl report noted previously. The twwmel also showed a
shlft in Mach number due o stagnation presuurs chenges, varying from
approximately 2.9% at low prassure to 2.96 at high pressurss. The mean

velue over the sight inches was used for each pressure in the caloule.

tiong hut, since thas veriation wes amall, all results are Izbsled ao

M F 2,95,
o)
b) Models:

The models were supported on a sting carried in a central body
which gpanned the tumnel, Tig. l. During staerting, ths largsr models wsre ‘

retracted intc s gupporiting strutl downstream of the test section. Uaorw

6301 Py

the flnw was orisblished, the model was moved forward into the test cuc-
tion free foxa any effecta of the wownsiream suwports. ALL models &l

sting gystems were cornstructed to the gecmetry showa in Fig. 2. Tlis

it

N ey =
o -
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WOULES WO LBEG o WGl k8 weagoe of O8Foolds soensys wlth considerables
overiap. The modoels werz of 23, .00, and 1.0 inch dlemeter wod weTre all
conubIncted of pense Jssdinsta Hicsrds, This weg Gong o elimipate any

asat wensfer sifests fo oy From the medel dus fo the dvids in staguation

touperatara.  Tas toats, Phawrefors, ~olowspond Yo eyuiliibriva conditions
ovar ths bedy. Tha m¥bels vers finlshed in a high speed precizion lathe

valey 2 sharp S0l vud e Sttewps ves ande o polish tue surface after this

¥

operahlon.

Tag pave weeoturs Was ocbtaiosd by Grilling 4 Lolsa in the base
o the two lavge wolsls kald vey betueon the gbiny surface and the outbe
silde surfzce o7 Wi model. The releg were conneeted Logstrler inside tue
z xaesags Aod ont chrongh the nellaw sting support. Fow
the .27 inch drawsier scdel, ondy Soo holes wore ugsad beacsuns of the slzez @
Timdtadion. On whe 1,00 fach dlemater wodel gting, a spell collar which
prosse’ agalnst Lhe wvisl base war uvacd to aid In modelesting aligament,

sut tests withouts tne coller showed no efvect on the bhsss pressure.

Experimental Resulis and Diseugsion:

a) Sasoth Model Toats:

The results of tests of Ghe thres wodels. all gewmetrically sim-
ilazr end in a smooth condliion, are shown in Fig. 3. The bags pressura ia
nragented iy cosPflciont form &¢ tho rautio of the measursd bass pressure
to the free stream static pressure chezd of the model. The goneral shapo

6

of the curve bhelw. @ Reyaolds mumbsr of aoproximstsly 6 x 10° 38 similar

(2

to thaz cpisized in the cply other comperable study, D. Chepman's results

ARE e

at ¥ * 2.0. TRepressutabive schliersn photographs over the Reynoldas number
rerce sre shown in Figures ks and bb.

T3 the Reyuolds mmiber rengs from 0.6 to 1.0 x 106, the bhage ..

piressure dropped very sharply in & wsnney simllar to Chepman's results.
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The schlleresn ghotogrephs show o Typicel "laminar™ wake reglon downstresm

. of the base chazroctorizad by the shaxp fres bhovadayy leoor and the absence

%f Ala'n

=R

of any trailisg shock for o consldsreble distance from the wake pattern.
Thors must be & compresazion £en arising from the turnlxng of the weake fiow

along the sting, but these wuves fo not coadaescs to form & shvck for soms

s AR R

disgtanca. As tho Reynolds mmbor 1s lncreaged, the hese pressure decreasges
&

4.
L]
»

o0 -

repidly to & minimum pear 1.0 x 10Y wails the schlieven photographs show

a shortening of the wake regilon snd a8 moving in of the trailing shock, al-

R TT

thougin the free boundary layer still soeaz o bhe leminsy., & tentative

Pl

372
Ll

ezplanation, difficult to substantiate from the reocorded date or schlleren

photographs, is that tronsition fyom & lsminar to turbulent free Jet is

N

F3
: .
NIRRT

occurring at the wake-gting junction. The tuwrbunlent free boumdary leyer
can probably sustelin 2 hlgher pressuvre ratic thar the leminar lsyer snd so /@

gives a lower basse pregsura. At Reynolds nushers &bove 1.0 x 3.06, ‘the

ko ad b
© g gEA Y

o flow has devalopsd the cheracteristic "turbuleat" Pormation with the free
e Jet showing dsfinite "fuzziness™ of the free boundery layer and a2 strong
trailing shock approsching very close to the edge of the weske pattern.
% Further incroages in Reynolds number melle no significent changes inm the
wake pattexv. even though the bese presswure increases sharply ea% about
3=x 106 apd then decrssses glightly &t high Rsynolds mumbers. Ths region
, from 1L - 3 106 is probably cheracterized by transition of the free lem-

inar layer to turbulent in the wake region before ths occurrence of the

“ trailing shock. The region above 3 x 106 is tentatively asscciated with

transitica to turbulent boundary layer on the body moving forward as the

SAL R

Reynolds number incrssses. Theoretical stuvdies of this phencmena in twoy

a8 well as threey dimensions are nov underway at the Supersonics Labora-

. Loy,
Chepwan observed an almost uniform bsse pressure region Trowm

Re =)+ 5 = 106 before the sharp increass but nothing comparsble was

R —
pi — T
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transition o simulate high Reynolde numbers, and to cusnins whothsr or ¥
. rot the roughmese Jor E:e:ay or ite relatlve hoight is the trus wariabls.
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obtairad from these teste. Considsrable difficuisy was expsrisuced in

gelbiing corzistont data iz the

(39

ravsition reglon from Re = 2..0 - 3.5 = 106,

although the medel secmad to he in good condition. Ko stltemph vas made to
polish the model before eech tegt. Homt of the tests Lell betwesn the
dotibed curves shown in Filg. 3 vith the fevw that f8ii outslds this region
shotn on the figwe. A Jarie precentage of the tosts clustersd around the
solid liny shown on ¢he figurs, but only repregeviasivz vesis sre shovm to
ipdicate the degres of the soatieving, Tals trensivion reglon would mabur-
elly be influenced by bedy Finish and siv sivesm turbulence levsl ard,
thevefora; divect ccmpazdssis of the resulis with thoso of Chapmen is not
completely walid.

n the high [eyuclds nuwber region, whewre prepur T~ the bomdary
lagyar #low over the body is primarily turbulent, o szall bub steady deerozse
in base pressurs it oboorved beyo:zd o Reyanolds number of 6 = 106. This ig
again in agroement with the tronds cbiained Zrom Chapmen's tests at M = 1.5
and 2.0 for twhulent boundsry layers. AL M = 1.5 the bhage presgure in~
creased considerably vith increasing Reynolds number, at M = 2.0, ths curves
are almost flat, and at 2.65% from the tesis rsported heroin, the base pres-
surs decreases with Incressing Reyuolds mmber. Further increasss in Mesh
number would be ezxpected to show grester decresses with incressing Reynolds
uunber if the trerd shown in thoge tests conbinuvss.

b} Tests of Hodsls with Roughnsss:
The szperizentsal equipment psrmitted the atieliment of fairvly
Bigh Reynolds aumbders whore the voumdary layers naturally were turbulent.

A Loy teats vere mude {0 evaluate the commonly used suredient of £ixing

=E



The .25 Tach spd 1.00 inch dlamster models wers used for these tests.

¢ § : Mrengition wag Pirzed sfter ths connwcylinder jumcture by 5 band of masking

- . taps 0.10 inchss wide pleced on the body as shoun dn FL g. 2. Tolekness
wag veried by using ono or more lajyors of the tape waich wes sbout 0.007
inchas thick. Ths vesulis of {the four series of tests which were carrled

! oult mare shown in Pig. 5 and some typical schlioren pnotographs are shown
in Figs. 65 @nd €b. The high bege pressures 2% low Reynolds numbers associ-
ated with leminar ficv ors, es sxpested, not chielned. The rssults obtained

are, however, nobt relatsd in eny gimle way t0 the date obialnsd at higher

Reynolds nuwtors for potural transition. Dewpendlng on the degree of rough-

ness, helow abovh 5 = 3.06 the roughness tests may fall above or below the

)

smooth beody data. The actusl data depends quilbte criticaliy on the ratio

of trensition bend hoight o body dlemeter, t/D. Below 1 x 100, the addi-

4 5
VAT AN 'l

tlon of roughnsse geve bese pressures coniiderably below thoss ¢bicized In

7 e

the mmockh cconditicn. Between L ~ 3 = 106 ; {the "trensition” regiom), the

rough tests gave base pressures above the smcoth values bHut approached the

Abohusiiagriand
R (TR S iy
.

smooth velues ag the roughness was increased. Above 3 x 195, the addition

roughnese gave lover basge pressuresg than the smeoth models for all cages

T3 o e

T
’
oo

tested. The decrease in pressure depended on the thicknsss of the band.

EFETE LN
RT3 T

The tezts of the .25 inch Glameter and 1.00 inch diameter body with bhands

Jag e

of approximately the seme t/D ratio gave comparable results in the rauge
shere the tests overlappsed. The tests of thes 1.00 inch model with t/ZD = ,023
aund .O45 cams together ebove e."oout 15 = 106 and appear to approach a con-
. stant wvalue of sbout .37 for yb/pla Further tests are unceded to verify
this, and ‘.'ae-asts at" conslderably higher Reynolds numbers for a smooth body

are neoded to show if such is the case for natuwral transitlon also.

~HE tatche

. Logically, there ssems to be little real reason to hope that

. the addition of‘ roughuess will coampletely eimz..lata high Beynolds muther
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£fiows. The bese progawws proplen 4, oo hos been gtated by several in-
vestigators, eessontislly e mixing problem. The desd air region behind the

blunt base muet mix with the supersonic fres strsam through e laysr which y

P

8 the detached bowndary leyor fram the body. The process must be @ Tunc=-

tion of the thickness as well e the character of Thia iayer. The attain-

e AT

meut of high Reynolds mumbors by natural means resulis in & turbulent boun-

- dery laysr wvhich is quite thin. The latroduction of a tramsition band will

"
W
-

undovhtedly resvit in turbulenl houndary layers, bub considerabliy thicker

thazn the natuwral f{ucbulent layer. At the seme time, the voughuess tests

.
PR AT

R
Sl ek

shov that thickening the layer gives decreaging bassg pressures, the sams

dcih

L4

gfect as cauzed by incressing the Reymolds mmber. Tha results ars not

-

s

P )

expleinsbls by any of the present theouries,

Ll

¢) Effect of Sting Diewcber and Length: é}

Chapuen Bade & fairly complete study of the effect of sapport

PRRUIRTANY S WL IO

. % . sting diemeter and length at M = 2.9 in Reference 1. Tor laminar flow,
ratios of support dlemeter 1o body diameter below .6 and ratio of support

length to body diemeter over 2.8 gave no effect on base pressura. For

turbulent flows, the retio of support length to body dilamster of over 2.8,

)t
A8

alsc geve no effect. Howoever, for ratios of support diamster to body
diameter from .6 down to .3 {the emallest %tested) the base pressurs is still
rising slightly. TFor the conffiguration used in these tests, & ratio of
pupport Giameter to body diameter of .25 arnd a Jength to body diamster

ratio of 3.9, it scems reagoncble to assume that the results cbtained are,

at most, only slightly affected by the support system.

AL 7B T

Conclusions

Preliminary tests were made st ¥ = 2.95 of a simple cona-cylmésr

body of revolution over s renge of Reynolds numbers frem 0.6 x- )106 to

= - e et g 3
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10 @

18 « AN, The Lod7 was tested in ®he suooth condition spd with bremsition

o 2Pmrd. T g osevored. PPa ot zoughness bands. On the hwgla of these tests,
= B the fuildowing cioolosions vers reached: (Xvn
. 1) Tas veriation of base presours with Rejnolds mumbsr is @

D chbractorized by three distinet regions:

i a) A "imainex” repion where the frea weke appesrs ©o be

' lexdwr end vhere incrsasces in Roynoclds caober givs

- h very lerge decracges in boge poCssuTg
= b A Vsranoiticonsl” xegion vhers Syonsitics from lsminar
s o turbmlent flow ceams U0 be oscuewivg in the free

wale and where increasing Reynolds oumber cauges a

j levellng off frox the lsninar regicn sod then a sherp
“ ircreasa in base presgnre,
. . c} A "turbulenmt” wegion where the boundary Iayer on the /@

1
ot .
e}

rear of ths bedy is tuwrbulent and vhere Incressirg

4 F Reynolds number rasulis in e slow bub gtewdy decresse
-4 in bose pressurd.

2) Exirapolaticn of date in regions 3) or b) of 1) will not
give valid results at higher Reynolds rumbers. For the

pady teoted, date above 6 x 3.06 is nceded to predict base

pressures accurately at high Reynolds mmbors.

3) ‘The upe of trensition banda of the type tested on the body
at low Reymnolds mumber gave vosulis which could not be
corvelated with dote obteinzd on the smooth body &t high
Reynolds nmuabker. Tne base presiure depends ¢ itleally on

the ratic of band Hudckoess 4o bHody {dlasmetar.
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